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ABSTRAGT "

‘Hydraulic model studies of the proposed Granby Dam spillway
modification indicated that +*he preliminary design of the modifi-
cation was satisfactory with the addition of a plunge basin not
originally contemplated. Operation of the existing spillway at a
maximum rate of 1, 168 cfs eroded the mountainside and under-
mined the end of the chute. The modifications proposed include
removal of the downstream 160 ft of spillway and construction of
‘a new chute with flip bucket and riprap-lined plunge basin down-
stream. The model studies were undertaken to develop the hy-
draulic design of these features. A flow deflector pad on the
chute floor and a transition for the curved superelevated portion
of the chute was developed to provide more nearly symmetrical
flow distribution in'the flip bucket jet. Increasing the tangent

- angle at the lip of the flip bucket to 45 deg and lowering the ele-

- vation of the basin floor at the bucket lip increased the effective-
ness of the plunge basin pool. The basin was developed to still
the energy in flows up to 3, 000 cfs and to prevent-erosion in the
area adjacent to the flip bucket for flows up to 12, 000 cfs. Pres-
sures recorded in the flip bucket indicated satisfactory pressure
conditions would occur at the entrance to the left wall drain and
on the downstream face of the lip and that the training walls should
be designed to withstand a pressure of about 60 ft of water at the
invert of the bucket radius. I - . '

. DESCRIPTORS--#*spillways/ *chutes/ *flip buckets/ roughness
coefficients/ hydraulic models/ research and development/ model
tests/ laboratory tests/ cavitation/ negative pressures/ erosion/
“hydraulic.similitude/ riprap/ flow control/ energy dissipation/ ..~
hydraulics/ jets/.hydraulic structures/ discharge measurement/
water pressures/ open channel flow/ erosion control/ discharges/

- .channels/ e - .

. IDENTIFIERS-- subatmospheric pressures/ .Colorado-Big Thompson -
*  Project{ flow deflectors/ Colorado/ hydraulic design / design modi-

fications/ plunge basins -
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' -'SubJect Hydrauhc model studles of Granby Dam Splllway Mod1f1-_
. catlon--Colorado -Big Thom-pson Progect Colorado :
PURPOSE
B The: studles were conducted to develop the hydrauhc des1gn of the -
. proposed spillway rnodlflcatlon 1nc1ud1ng the chute fhp bucket and

_ 'plunge basin.’

-

RESULTS

e l Except for the addltlon of a. plunge basin not- or1g1na11y contern-
‘plated the. general concept of the prehmmary des1gn was: satlsfactory.

2. A r1prap-11ned plunge basin (Figure 2) sat1sfactor11y d1ss1pated the .

-energyof flows up to 3,000:cfs (cubic feet per second), and prevented -
~ ‘‘erosion.at the flip- bucket for flows up to the maxmlum design dlscharge
_‘of 12 000 cfs._ ' SR o .:i\\ o ‘

. \Ql

R 3 A flow- deﬂector pad on-the’ splllway chute floor in conjunction with ..~ -

“a tran51t10n from the’ ex1st1ng portion.of the chute (F1gure 4) prov1ded

e ._.‘._good ﬂow dlstrlbutlon 1n the ﬂlp bucket

”';_‘4 A ﬂ1p bucket W1th a 45“- 1ft d1rected the Jet steeply 1nto the plunge
~ “basin ‘pool .and: prevented excesswe drawdown in“the pool water: surface
o ':and thereby prov1ded ma‘ﬂm m ener' : 1ss1pat1ng eff1c1ency

Cg

5 Pressures recorded in ‘the* ﬂ1p bucket 1nd1cated satlsfactory pres- e :- '

.sure: cond1t1ons would ‘occur:at the entrance to the’ drain‘in-the left wall -
and onithe:downstréam face:of the’ 11p -and that“the training walls should
;_be de51gned 1o withstand:a- pressure of approx1mately 60 feet of water
“at: the 1nvert of. the bucket«radlus L .

: ol g ‘wer: eloped through the -
i on of;t_he staffs of the Dams Branch snd the 'H ulics /B




INTRODUCTION

Granby Dam, Colorado-Big Thompson Project, is located about
4 miles northeast of the town of Granby, Colorado (Figure 1). The
dam is a combination earth and rock fill structure having a height of
‘ 240 feet above the river. It:intercepts the flow of the Colorade River,
o ‘Willow Creek, Meadow Creek, and Strawberry Creek to form a stor-
- age reservoir, Water from the reservoir is pumped into Shadow
Mountain Lake and, thus, made available for delivery through the
~-Continental Divide Tunnel to the eastern slope of the Divide,

The outlet works and spillway with capacities of 500 cfs and 12 000 - y
cfs, respectively,. are located in the left abutment of the dam. The
exlstmg spillway chute (Figure 2) is a superelevated, curved channel
that conveys the flow from the gate structure to the edge of the moun-
. tainside where it discharges into the atmosphere approximately 170
feet above the left bank of the river channel. The spillway operated
in the summer of 1962 discharging 17, 000 acre-feet of water at a
maximum rate . of 1, 168 efs. This operation eroded the mountainside °
. and u;’ldermmed the end of the chute, endangering its stab111ty {Fig-
ure 3 ) : .

To prevent further undermining of the chute, plans were made to .
‘modify the existing spillway. These modifications (Figures 2 and 4)
will include removal of the downstream 160 feet of the existing chute, *
excavation and construction of a new chute with flip bucket, and con- =
-struction of a riprap-lined plunge basin downstream from, the flip - .
_ bucket on the left bank of the river channel. Model . studles for the

original spillway design-are descr1bed in Hydraulm Laboratory : é
Report No. Hyd- 109. 1/ : : _ .

Dimensions of hydrauhc features are llsted in Table 1 for both _ E
* . English and metr1c umts o i ' 5

N 'THE MODEL = . - . i

+~"The model (Figure 5} was a 1:36.scale reproduction of the spillway . :

" including the immediate reservoir area surrounding the intake struc- A

‘ture, .the cutlet works discharge chamnel, and a reach of river chan- : i

_nel extending approximately 600 feet downstream from its Junctmn ' N
: -w1th the outlet works channel : S o o A

; The modeled port1on of the reservoir area and approach channel was
. "contained in a:14-foot-wide by 11-foot-long head box. A &-inch rock
bafﬂe extended -across‘the w1dth of the box to qulet the reservoir water

llHyd 109 "Hydraulm Model Stud1es of Granby Dam: Splllway, Colorado—_'__
‘Blg Thompson Pro;|ect b by R. R. Pomeroy, Mareh 31, 1942 '




supply. The floor of the head box was at elevat1on 8236. The.
“spillway approach channel was molded of concrete while the up- i
stream face of the dam on both sides of the approach channel was i
constructed of wood. ‘
The spﬂlway crest was molded of concrete screeded to sheet metal
templates. The center pier was: constructed of wood and the approacn
sidewalls were of sheet metal, Slide gates made from 1/2- mch brass
~ plate, were. 1nsta.11ed in place of the rad1a1 gates. .

,: T

‘Straight port1ons of the chute were made of wood; the sp1ra1 curve and
- superelevated portions were screeded in concrete; and.the vertical !
‘curve and ﬂ1p bucket were fabricated from sheet. metal over wooden
. .template S. : : -.‘..‘ :

The splllway dlscharge channel between the sp111way and the r1ver
channel, 1nc1ud1ng the riprap-lined plunge basin was formed in sand
so that erosion studies could be conducted. The outlet works, L.hannel
- and river channel were molded in concrete. Two tailwater staff gages i
were installediin the river channel, one on the centerline of the spill- :
way and the other near the model tailwater control gate about;300 feet .
farther downstream. Tailwater elevations were controlled 1n accord-;
ance w1th the values shown on Flgure 6. ' ‘ o i

TI-IE"INVESTIGATION

o The: mvest1gat10n was concerned with flow cond1t1ons in the modified ’
_-chute, flip bucket, and discharge channel for spillway flows up to. |
.12, 000 cfs., "However, the more: frequent smaller flows of 600, 1, 200 '
' and 3,000 cfs were of prlmary concern oo : . ]

Prehmlnary Mod1f1ed Chute S

[

Descrlgtlon -—The pre11m1nary chute (F1gure T) extended ona: tangent :
‘from the existing spillway chute at Station 4+51, The chute floor tra.n—~_ '
‘gitioned from ‘the superelevated section at Station 4+51 to a level sec-
tion in‘a distance of 76.5 feet, and followed a slope of 0.03 to the P. C
‘of .a:76-foot-radius vertical curve.  From the P, T. of the vertical curve -
. the chute dropped 150.26 feet on:a slope of 0,89 to the 1nvert of the
40 foot- rad1us fl1p bucket : S L G A4

1,-' ’

Flow characterzstlcs. --Flow was not umformly dJ.str1buted across the

“width of the preliminary chute. The unsymmetrlcal flow distribution
..’ persisted.through.the flip ‘bucket. As.a result, the right side of'the Jet
‘ ; carried.much farther: downstream from the bucket (Eigure:8).. ‘This: D
' ‘asymmetry-was more notlceable for dlscharges up to 3 000 cfs than for
the 1arger ﬂows. S : : RO i3




To correct this flow condition, a flow deflector consisting of a raised
pad was installed on the chute floor. Many sizes and locations for
the flow deflector were tested to obtain the desired results. In addi-
tion, shortening the transition from the existing superelevated flcor

1mproved the flow distribution. A transition extending from Station . Ee

4+51 to Station 4+66 .5 was most satisfactory; however, the low side.
of the superelevated section at Station 4+51 was 6'inches lower than
the chute floor at Station 4+66.5 (Figure 7). Thus, a portion of the
chute floor did not drain. © Therefore, a longer transition was desir-
able to provide natural dralnage | :

Recommended Chute

Description. --A 46-foot~long transition terminating at Station 4+97
was adopted for the recommended chute and a flow deflector was

- installed on the right side of the chute floor between Stations 5+27, 50
" and 5+79. 38, the P.C. of the vertical curve {(Figure 9). The transi-
tion was 30, 5 feet shorter than the prehmmary design and provided
natural drainage for all parts of the chute floor, The deflector con-
sisted of two faces of a pyramid with:the high point 1 foot above nor-
mal floor elevation at the right wall of the chute.- From the high
point the pad sloped downward in three directions: (1) to the center-
line of the chute; (2) downstream a distance of 21, 38 feet to the P.C.
of the vertical curve; and (3) upstream a“ distance of 30.5 feet to a

- contraction joint,

- Flow characteristics. --Velocities determined from the measured.
Tlow depths at Station 8+12, 84 for gate-controlled flows were found
to approximately represent the theoretical prototype values for a
‘roughness coefficient of n = 0.013 in Manning's formula, Figure 10,
Gate-controlled flows in the. recommended chute (Figure 11) produced
fairly uniform jets, particularly:.for 1,200 cfs (Figure 12). For
3,000 cfs the flow was concentrated- slightly to the left of center and-
for 600 and 12, 000 cfs thé flow was concentrated slightly to the right.
This same d15tr1but1on was 1nd1cated by the flow depth measurements

 (Figure 10),

The flow dlstributlon could be changed by. 1ncreas1ng or decreasing
-the head on the gates, particularly for the lower flows, When the
-head was increased, -causing higher velocities in the chute, the con-
.centration of the jet moved to the left at 1,200 cfs. When the head
was decreased, as with uncontrolled. ﬂcw,' the velocities were less
* and jet was concentrated to the right of center for flows up to 3, 000

cfs, However, thesé were not. anticipated Operating conditions and
-were not tested further. - :

. =Preliminar:,;' Flip Bucket and Plunge Basin

‘DescriEtion.r—-The preliminary ﬂip bucket (Figure 7) had a bucket
- radius o ‘feet and a flip angle of 22,5°.  The bucket invert was at
E .elevation 8063 85 and the 11p e1evat1on was 8067, 00, . : ‘ :




Flow characteristics, --The jet from this bucket severely eroded -

- the discharge channel between the flip bucket and the river channel,
Therefore, the discharge channel was lined with riprap for a dis-
tance of 150 feet downstreari: from: the'bucket, The model- riprap

_ (Flgure 13) consisted of gravel up to'1-1/2 inches in diameter;

_representing prototype stones up to about 54 1nches_1n dlameter

The model was operated starting with a discharge of 600 cfs and
increasing this in increments.of 200 cfs to a'discharge of 3, 000

. efs. Considerable movement of the stones began at 1, 800 cfs and
at 2, 400 cfs the jet eroded.a 20-foot- deep hole about 110 feet down-
stream from the bucket. : o

The erosion hole formed during this test was used to determine the
size of a preliminary plunge basin.. The invert of the preliminary
~ basin-was 50 feet wide and 510ped ‘downward from elevation 8060 at
‘the bucket lip to elevation 8030 in a length of-110 feet and ‘then up-
ward on a 3:1 slope to elevation 8055, The side slopes were 2:1, -
.and the basm was lined with a 6- foot-thick layer of riprap.

_ ‘The rlprap at the downstream end of the prehmlnary plunge basin
was severely eroded by a dlscharge of 2,400 cfs, 1nd1cat1ng that
the basm was too short. - .

- 'Basm and -Fllp Bucket Modifications

: S1nce 1t was" de51red to provlde energy d1$51pat10n for dlscharges
' ‘up to 3,000 cfs the: prellmlnary basin was lengthened 80 feet. The -
-'felevatlon of-the floor of the basin-at the bucket was lowered 1 foot -
to0-elevation 8059,  The elevation of the lowest point of the basin,
200 feet downstream from the bucket, was maintained at elava-
' '_"t10n 8030; the invert of the basin flared from 40 feet wide at the
- bucket to 100 feet'wide in a length of 275 feet. At the'same time.
' ‘the bucket radius was reduced to.20 feet and the bucket lip. lowered '
to-elevation 8060. ' The slope of the chute entering the bucket and =~
the tangent angle at the bucket 11p were not changed

. The longer basm appeared to be adequate for dlscharges up to 3, 000
- -cfs, However, ‘at 3, 000 cfs:the water surface in the pool was drawn
- down 12 feet below the water 'surface elevation in the stream channel;

- this drawdown ‘reduced the effectiveness of.the pool. Increasmg the: ﬂ1p :
. angle'to-45° steepened the angle at which the" jet plunged into the pool. '
’ _This.change reduced the drawdown:from 12 feet to approximately 6 feet.

'k._and 1mproved the effectlveness of the pool 1n d.tsslpatlng the energy

SR _"Further modlflcatlons were: made by 1ower1ng the' 1nvert of: the dlS- S
.> charge;channel at'the downstream:end. of the basin from elevation .
" ..'8055't0 elevation:8050-to reduce the. wvelocity of flow in-the. channel
- during: splllway operation, - and- to allow:circulation of water from- the
_.--.river:to-the:pool when-the spl.llway .was.operating, thus reducmg the
o :igp0551b111ty of a stagnant pool in the plunge basm. o :




The ground water was expected to maintain the pool in the plunge
~ basin at €levation 8050 when neither the spillway nor outlet works
were operating. Thus, the upsiream end of the basin at elevation
8059 was unsubmerged and subject to erosion by small flows from
‘the bucket. To avoid this, the floor of the basin at the end of the
bucket was lowered to elevation 8045, ‘At the same time the sloping
chute was lengthened to place the bucket invert at elevation 8045 and
the bucket lip 2 feet above pool elevation 8050.

With this bucket arrangement the water surface level in the pool in-
terfered with the undersurface of the jet. This interference caused
‘an undercurrent that pulled the sand at-the end of the bucket up through
the 6-foot layer of riprap, thus lowering the riprap several feet at the
upstream end of the basin. At 3,000 cfs the jet lowered the water -sur-
face in the pool to elevation 8045 or 4 feet below the stream elevation
as compared to 6 feet with the previous bucket arrangement

‘A basin that. ﬂared to 'a maximum width of 200 feet was tested w1th the
bucket lip raised.to elevation 8057, and the bucket invert raised to ele-
vation 8051, 14, At a discharge of 3, 000 cfs the water surface level in
the pool was about 1 foot above that which occurred with the 100-foot-
wide basin, which was not considered to be a suff1c1ent gain in pool
depth to warrant the more costly basin,

Recommended Flip Bucket and Plunge Basm

~ Description. --In the recommended flip. bucket the invert was at ele-
vaiion 8051.14 on the arc of a 20-foot radius (Figure 3). The lip of
- the bucket was at. elevation 8057, on a 45° angle with the horizontal -

- (Figure 4). The downstream portion of the lip sloped downward on :
~-a 10° angle for a distance of 12 inches, In the plunge basin (Figure 2)
-the invert sloped downwarad from elevation 8045 at the bucket to ele-
vation 8030, 200 feet downstream. The basin then sloped upward on
a 3:1 slope to the discharge channel at elevation 8050, The floor of

the basin was 40 feet wide at the bucket and flared uniformly to a
width of 100 feet at the discharge channel. The side slopes were
2:1, 'The side. slopes invert, and end slope were lined with a 6-foot

V"_._layer of riprap rangmg in sme up to 36 1nches 1n dlameter

T Flow. characterlstlcs ~~A. hydrauhc Jump formed in the bucket as it

- Tirst began to discharge. . The flow spilled over the bucket lip and

: . dropped vertically downward 7 feet, to the pool. Between 500 and -
‘600 cfs the-jet sprang.clear of the. bucket lip. At 600, 1,200, and

3,000 cfs:(Figures 14 .and '15) the jet plunged into the ba.sm as de-

51gned and the pool adequately d1531pated the energy 'in the Jet.

o -*No erosmn occurred at 600. and 1 200 cfs._ At 3, 000 cfs ‘the.ero-

.+ .sion:in-the-basin'was minor: (thure 16A). Erosion was. noticed in’
~the basin:floor about 200 feet downstream: from the flip bucket after
;,_.-;'severa.l days of 1nterm1ttent model operatmn at ﬂows up to 3 000 cfs..

.ﬂ.




..JlLOﬂH ..}.:r_. ,:1. ‘J[’

The 6-foot’ 1ayer of riprap was ‘eroded 16 the underlying sand bed;" A
however, ‘the sides and end of’ 'the basgin remained intact.. No: ero~* T
sion oé¢curred-in-the’ f1rst 100 feét ‘of ‘basin; 1nd1cat1ng that the '
6- foot layer of‘ rlprap was arnple m thls reg10n o

The r1prapped ‘bdsin was capable of Wlthstandmg flows between

3, 000'¢fs and™4,'500:cfs*for short periods. ‘However, corisider-
able damage occurred at-the end of the basin when the flow was-
incréaged-to 6} ‘000 cofs.’ As'the flow wag increased to 12,000 ¢fs-
{Figures 17 and 18); “the ‘point‘of‘inmpact moved farther: downstream
and eventually was beyond the 3:1 upward slope of‘the ‘basin: L Bro-"
sion for these flows was severe (Figure 16B), If these flows should
oceutin the prototype ‘maintenance- may be’ requ1red to remove de-
posits of évbdédimatérial ‘that might Gause excessive tdilwater ele- - -
vation¥ at‘thé spillway flip bucket and- outlet works. “Repair of ‘the E .
plungeibagin“will‘probably not be required sincé none of these flows '
caused any movement of the riprap within a.ppro:clmately 1007 feet of

the flip bucket. Erosion of the downstream end of the basin would

enlarge’ thefplunge basin’pocl and, “thefeby; increase’ ifs éffectlve—“"

nesggi “Water isurface elevdtions and’jet measirements for various

disdha "’ges from 600 cfs"‘up to 12 000 cfs are recorded 1n Flgure 22.

SriF o ol

Tt: wa’s* rioted that for ﬂows of 9 000 an 12 000 cfs ‘the Water surface
lip and~1nterfered'w1th the undersurfar..e of Jet UThis? 1nterference is
mdlcatedfm Figure 11 by: the dark- s’treak ‘deross the jet atthe ‘buckét
11p The 1r1terference caused partlcles of water to _oe peeled frorn
(Flgure 18)Cl Aftey a* short perlod ot opera‘tlon at these high- ﬂows
the amount ofwmtterference was reduced because the pool elevatlon

=0t "’f( orly

Préssures --Pres‘sures in the recommended fhp bucket were ‘meas-
ured to'aid’in-the'design of ‘the entrarnce to a drain‘in the left wall of
bucket near. the invert (Figurei4),*1o ‘did-in:the structiral design’ of"
the walls, and to verlfy the proper. angle for the downstream- faoe of
the bucket lip. :

Pressures at the drain were positive as indicated by Piezometer 1
(Figure 20). The inside diameter of Piezometer 1 was made geo-
metrically similar tothat of the 6-inch drain, so that the drain itself
acted as a pressure tap. A piece of No, 18-gage sheet metal was placed
along the wall on the upstream side of the drain so that the dréin en-
trance was in effect recessed into the wall. This did not-materially
lower .the pressure from that shown in Figure 20; therefore, it was
-concluded that no subatmospheric pressures would exist at the drain
;but that the downstream edge of the recess, be,iape:: d onﬂJ-Zé ._Slo_pe
“tol providd & smoeth®flow surface  2oeas 7 | (O EREETE

[ [re A et #
. '-""-}':)IJL ‘QI.L:.Q VE® ’\"i”{{ ERACTEIFES) L oaTonTd

Pressures: at the base of the bucket walls were recorded to determme
the maximum pressure on the walls. Based upon the pressures




previously recorded in other flip buckets, 2/ the. maximum pressure
was expected to occur at the base of the wElls approximately six-
tenths of the bucket arc length from the P.C. of the bucket curva-
ture. Due to the unsymmetrical flow in the chute, piezometers
were installed at the base of both walls at approximately 0.5, 0.6,
-and 0,75 of the arch length (¥Figure 20), The flow surfaces around
all piezometers were made as smooth as:possible before taking
the pressure measurements. Piezometer 3 was inadvertently
placed on a slight angle away from the flow and a short distance
above the base of the wall, which probably accounts for the lower
readings at this piezometer.

The maximum pressures were at the base of the right wall, At
12, 000 cfs the maximum observed pressure was approximately
60 feet of water or 20 times the flow depth at the bucket invert.
It was noted also that the pressure-flow depth ra.t1o 1ncreased
d1rect1y with discharge. o

Plezometer 7 was installed on the upstream side of the bucket
lip at the centerline, to determine if the angle between the bucket
invert and the downstream portion of the bucket lip was sufficient
to prevent severe subatmospheric pressures. The floor of the
bucket was constructed of sheet metal and bent downward 10° from
horizontal to form the bucket lip, This provided a 55° change in
direction which is. 20° more than the recommended minimum?2/
necessary to prevent severely subatmospheric pressures at the

_end of the bucket, Initial.tests showed subatmospheric pressure

" equivalent to about 20 feet of water to exist on the upstream side
of the lip; however, by increasing the sharpness of the break in

. the sheet metal to more nearly represent the sharpness of the
concrete prototype surface, the pressure was increased to. 5 feet

- of water (Figure 20). Therefore, it was concluded that the proto~
type would provide satisfactory pressures at the lip of the bucket
and that there would be no tendency for the unders1de of the jet to
cling to the downstream face of the lip. :

27Paper No 3236, KSCE Transactmns, Volume 126 PartI 1961

page 1270, ”Improved Tunnel Sp111way th Buckets, " by T. J. Rhone
and A.. J ‘Peterka. : '




Table 1.

DIMENSIONS OF I-IYDRAULIC FEATURES

Feature

" Height of dam

. '-‘Spﬂlway de51gn capac1ty
=]‘Outlet works capaclty

: Spﬂlway d.tscharge
- {Year 1962) ’

"':'fRate of dlscharge
(Year 1962)

Sp111way drop from-end of

_-chute to left bank of streani
(Year 196?; '

Sp111way drop from horlzontal
+ chute: to f11p bucket mvert

S ;;;:L,.{-'Chute w1dth |
i '-:F11P bucket radlus
e ":‘Plunge basm length

. Max1mum depth of basm below :

bucket 11p e

N 12 000 cfs

240 feet '

500 cfs

17, 000. a.cxte'—t‘eet _

1,168 cfs

170 feet (approx)

2 00 .feét (&pprox)

40 feet' L

20 feet:--”"

- :Z.GQ_-feet

73.15 meters

. |339.80 cms

| 14.16 cms

20. 97x108 |
" -cubic meters ..

33,07 cms -

52 meters”
-(approx).

61 meters
(approx)

112, 19 mel:_e_z_;_s S

323meters

6.96 meters

79,25 meters
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Figure 3 S
Report Hyd 539

GRANBY DAM SPILLWAY MODIFICATION
ORIGINAL PROTOTYPE SPILLWAY DISCHARGING
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Figure 5
Report Hyd 539
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Figure J
Report Hyd 539

C. 3,000 cfs

GRANBY DAM SPILLWAY MODIFICATION
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Figure 9
Report Hyd 538
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Note: The flow deflector is 1 foot high on
right wall at Sta. 5+58.00.
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Figure 11
Report Hyd 539
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Fipgure 13 G
Report Hyd 539
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A, Riprap lined chacnel exiending 150 feet
downstream from huchct

B. Erosion caused by 1, 200 cfs discharge
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Figure 15
Report Hyd 539
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A, 600 cfs
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B. 1,200 cfs

C. 3,000 cfs

D. 6,000 cfs
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OPERATION OF RECOMMENDED FLIP BUCKET AND PLUNGE BASIN ;
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Figure 16
Report Hyd 538
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B. Erosion after 12, 600 cfs

GRANBY DAM SPILLWAY MODIFICATION
FROSION IN THE RECOMMENDED PLUNGE BASIN
1:36, SCALE MODEL




THEAOIN HTVOS 9841
NISVE IONNTd ANV JLINDNE dI'Td dIANIWNODHEY JO NOILVHEJO
NOILVDIJIQOI AvMTTIIS WVA AGNVYUD

Tigure 17
Itaport Hyd 539

: *1al ay) jo addeu aspun oy
Ui 0oelans J2jem [ood ayj Jo 20uUlIIJa23UT SIIBIIPUL S0 000 ‘T PUE 000 ‘6 JO

S/AO[] 10J 193[01g oyl JOo pua ay} 1e 3al oy} Jo yIpism oy} SSOJIDE HEDd}S MIEpP AL :2I0N

5§ 900 21 D Sjo 0006 d SI2 000°9 'V

ﬂ._ S11B¥-0-Gb2e

|
A




figure 18
Report Hyd 539

TTHAON JIVIS 98- 1
NISYE IONATd ANV LAMONE dITd AZANIWINODEY A0 NOILVHEdO
NOILVOIJIAOW AVMTTIIAS WVAd AHENVHD

‘q pue D ur 3ol
JO 20BJANS IBIBM

2y} JO 90BJANS I13pun ({irm Suraajaajur st dif 393oNg e 1ood

SJ2 000°2T 'd

S3° 000

6

S} 000 ‘€

:210N

e

TN G018t-0-Gt2d




¥

19

21 FIGURE
“REPORT HYD

539

 Meeeoomiidg Jo 3 ug’
jauUDy3 Wb33}S .Ul ,

08

= j|
e |

m.¢mam.

L IS N : I A~
:{NOILVAZTI[NOILYAT T3

v ._.4
zo_._.as.w._m

A P
.:;uomq:nma_

mzo:gmd,wuq_h_m:m.mu._.qs ONY_ SNOISNAWIG 13¢

JULRTGER
(3pis 43211 9




LEFT WALL &~

Y "PRESSURES

-AVERAGE -
. |FLOW.DEPTH[ "
" |AT STA. B+IZ] .

:Gi'rc'l.éd" hu'ri"l'barﬁ dasign'ufa “piezometer ‘focations. S
Frassuras “.ond: depths orein flet of -atar.; -
# Muurnurn prassura recorded .par d1schurqe.__




UJW'E!SICN Fms—nanzsammcmnsarmsmnmm

The fo.uo-:lng ecmveraion factars sdopted by the Bureau of Reclamation are those publiehed by the American Soclety for
Tegting and Materials (ASTM Metrle Practice Oulde, Jamuary 1964). except that additiopal factors (#) comnomly used in
the Bureau have been added, Further discussiop of defimltiems of quantities a.nd tndts is glven on pages 10-11 of the
JASTM Metrie Fraciice Golde,

The metric unite and: e.onvers:lnn feactors adop‘t.ed by the ASTM ere baped om the "International Systen of Undts® (des:lg'nutaad
"SI fer. Systeme Imternatiomal a'Omites), fixed by the Inbernaticnal Committes for Welghts and Messures; this system ia
‘nlgo known mp the Glorgd or MESA (meter-kilogren (mepa)-seccodd-asmpere) systes, -This gystem has been adopted by -the

' Imternational ﬂz'gnniutio'n fur Stendardization in IS0 necmendstim R-31., '

'ﬂm metric technical m:it of foree is the ki].ognm—i‘arce H th;l.s i5 the faree which, -hen applied to a body having e

" ‘mpass.of 1 kg, gives It an acceleration of. 9.80655 m/eec/see, the standard acceleration of free fall toward .the earth's’

" center for'sea level at 45 deg latitude. "The petric umlt of force in ST unite 15 the newton (N), which isdefined as

. that forve which, when epplied to & body having & mass of ‘1 kg, 'glves it an'mccsleration of 1 n/sec/sec. Theee unito

© must be distinguished from the ({ncomstant) local welght of (1 body having o mess of 1 Xg; that 1s, the welght of a :
"body is that force with shich a body 15 attrasted to the mLhnniiaeqmltathemssofabodymﬂtip]iedby the

" acceleraticm due to gravity. However, because it is gemeral) practice to use "pound” rether than the technically
correct term "pon,:ud-l‘orce " the term "kilogranm" (or derived mmss unit) has beei used 1n this gulde instead of "kilogram-

- feree™ 1n expressing-t the cnmre:-sm:n  factors for forces. The newton unlt of force will find increasing use, ard is
espential in SI un:l.ts \\.\_//v—”“ ' . -

" Table 1
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ABSTRACT

* Hydravlic model studies of the proposed Grahby Dam spillway .

‘modification indicated that the preliminary destin of ‘the m'odi{i-;‘.

. 'cation was satisfaclory with the addition of a piunpe basin not

i

BEel

a

i

¥ anew chute with [lip bucket and riprap-lined plunge basin dewn-

. originally ‘rontemplated. Operation of the existing spillway gma_;_f'
-- maximum rate of 1, 168 cfs eroded the mountainsice and under-

mined-the end of the chute, The modifications proposed include

-stream, The model studies were undertaken to develop the hy- .
“draulle design of these features. A flow deftector pad.on the. )
chute floor and"a transition far the curved superetevated portion

- of the chute was developed to provide more nearly symmetrica] -

. flow digtribution in the fip bucket Jet. Increasing trie tangent: -

angle at the lip of the flip bucket to'45 deg and lowering the'clax v -
" vatién of the bagin floor at the'bucket lip increased the effective- .
ness of the plunge basein pogl. The basin was developed to still ™~ . .
' the energy In flows up to 3, 000 cfs and to prevent erosion ia the L
“. larea adjacent io the 0ip bucket for flows up to 12, 000 cis. + Pras-
.. -sures recorded in the fip Hucket Indicated satiafactory pressure:

. . conditions would occur at the enirance to the left wall drain and

. on the downstream face of the lip and that the training walls should
- be deésigried lo withstand a pressurc of abaut 60 ft of water at the |

invert of the bucket radjus. '

o

ABSTRACT *

Hydraulic model atudies of the proposed Granby Dam spltlway
“modification Indicated that the preliminary desi the modifi-
catlon was satisfactory with the addition af a pl &ln not_

. originally contemplated. operation of the existing &4 lway at a
«meximum rate of 1, 168 /3 eroded the mountainside'afid under-

““Tuined the-end of the ehute, The modifications projbeed include -

removal of the downstream 166 ft of, spillway. and ¢unstruction of ;

" a'new chite with flip bucket and riprap-lined plungs basin down-

- stream. The mode; studies were undertaken to develop the hy-
»epdrdulic design of thije features, A flow deflector: pad on the.

- .of the, chute 'was developed to provide more near! sSr,mmetriqq_l -

chute floor and a transition for the curved aupers ed portion

flow distribution in the flip bucket jet. “Increaging the tangeni”.

* angle at the 1p of the flip bucket to 45=?e"g and lowering the elev

vi;Jdon of the'basin floor at the bucket 1

- - nessof the plunge basin pool. - The basin was developed to still

", the energy in flows up to 3, 000 efg and to prevent erpalgn fn the o
area adjazent to the flip bucket for flows up 15 12, 000-cta,; Preg-

. sures recordad in the flip bucket indicated satisfactory pressure

“ conditions would oceur at the'entrance to the left wall drain 1ol
on the downstréam face of the lp and thai the training wallg should + =

be dasigned to withstand a pressure of about 60 ft of water at the:

i Invert of the bucket radiua, - .

;removal of the downstream 160§t of spillway and construciion of

(> Increased the effectives |

_ § | ABSTRACY n
H)'rd.réu]ic model studies of the prﬂp«.ised Granby Dam spillway

‘modification iiidicated that the preliminary design of the modifi--
“tation was satisfactory with the addition of a plunge basin not

riginally contemplated, Qperation of the exisling spllway at a
maximum rate of I, 168 cta eroded the mountainside and under-
mined the end of the chute. The modificstions proposed includa

¢ -removal of the downatream 160 f1 of spiliway and construction of

a new chute with flip bucket and riprap-lined plunge bagrin dawn-
siream. Tha model studies were undertaken to develop the hy-

" draulid design of these features.. A flow defiector pad on the
.thute flogr and a transition for {he curved supereilevated portiun

of the chute was developed to provide more nearly symmetrical

+ flow distribution in the {lip bucket Jet. Increasing the tangent

angle at the lip of the flip bucket to 45 deg and Iowering the ele-

" . vation of the basin floor at the bucket Up increaged the effective-
-ness of the plunge bagin pool, ' The basin wag deloped to still -

the energy In flows up to 3,000 cfg and to preve._ieroslon in the
arca adjacent te the flip bucket for flows up 1o 12,000 efe, Pres-
sures recorded in the flip bucket {ndicated satisfactory preagure
conditions would accur at the entrance tg the Jeft wall drain and

" on the downstream face of the lip and that the training walls should

be dzelgned fo withstand a prisaure of about 80 ft of water at the

invert of the bucket radiva,

ABSTRACT ~

Hydraulic model studles of the proposed Gra.nﬁy ljam gplliway

modification indicated that the preliminary design of the moditi-
cation wag’ satisfactory with the addition of a plunge bagin not_

" originally contemnlated, Operation of the exlaling spillway at a

maximum- rate of 1, 168 cfz ereded the mountaingide and under-
mingd the end of the ¢hute, The medificaticna propoged inciude
removal of the downstream 160 ft of splllway and construction of
8 new chute with flip bucket 3:id riprap{i{ned plunge basin down-
stream. The model atudies were undertaken to develop the hy-
draulic design of these features. A Mow deflector pnd on tie
chute fleor and s traraition for the curved aupereleyated pertion
of the"zhute was developed to provide more nearly symmetrical -
flow distribution in the flip bucket jet, Increaaing the tangent
ongie at.the 1ip of the flip bucket 1o 45 deg and lowering {hn ele- -
vation'of the basin floor at the bucket lip increased the erfective-
neay of the plunge basin pocl; The basin wag dereloped'to atill
the energy In flows up ta 3, 000 cfs and to prevent ercajan in the

-area adjacent to the flip bucket for flows up to 12, 000 ¢3, = Pres-

sures recorded in the fip bucket indicated satisfaclory pregsure

" conditions would occur at the entrance io the teft wall drain and
on the downstream face of the lip.and that the training walls sghould
" be designed to withatand a pressure of about 80 fi of water at the

Inver of the bucket radius.
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